The cytoskeletal lesions associated with enteropathogenic Escherichia coli adhering to cultured HeLa epithelial cells were examined by immunofluorescence microscopy. The microfilament-associated proteins actin, a-actinin, talin, and ezrin were localized with adherent enteropathogenic E. coli, whereas tropomyosin, keratin and vimentin (intermediate filaments), tubulin (microtubules), and vinculin were not localized. These cytoskeletal structures differed significantly from those associated with SalmoneUla typhimurium internalization (invasion).
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Enteropathogenic Escherichia coli (EPEC) have the capacity to cause aggregation of host cell actin after adherence to epithelial cells and formation of microcolonies containing several adherent bacteria (7) . This actin rearrangement is associated with the formation of attaching and effacing loci on the host epithelial cell surface (9) and is characterized by effacement of microvilli and intimate adherence between the bacterium and the host membrane, often with formation of a pedestal-like structure upon which the bacterium lies.
It has been reported that Salmonella species cause cytoskeletal rearrangements when entering cultured epithelial cells (4 (Fig. lc and d) , whereas the tight profile seen with EPEC was the same shape and size as the bacterium (1-to 3-p,m zones) .
a-Actinin, a molecule involved in cross-linking actin filaments, accumulated in a manner similar to that of actin in EPEC-infected cells, forming tight profiles associated with EPEC ( Fig. le and f) . Normal focal contacts and stress fibers were also visible in focal planes of the ventral cell surface below the bacteria. We also examined the localization of two eucaryotic proteins, talin and ezrin, that are thought to be involved in linking actin filaments to transmembrane receptors (1, 6 organisms (Fig. lg through j) . Talin also stained the HeLa cell focal contacts, although this was found in ventral focal planes beneath the EPEC.
Several other stained cytoskeletal components did not exhibit rearrangement in response to EPEC adherence. Tropomyosin, a molecule involved in actin-myosin-mediated movement (10), occasionally showed a slight shadow accumulation beneath EPEC but normally was not rearranged around EPEC adherence sites when stained with either of two different anti-tropomyosin antibodies ( Fig. lk and 1) . Stress fibers stained normally with these anti-tropomyosin antibodies. It has been reported that colchicine, a drug that affects host microtubules, blocks EPEC internalization into host cells (3, 5) . However, when HeLa cells were stained with two different monoclonal antibodies to tubulin, no rearrangement in microtubule structure was visible in EPEC-infected cells (data not shown). Similarily, intermediate filaments stained with anti-keratin or anti-vimentin antibodies were not affected by EPEC (data not shown). Vinculin, a focal contact protein possibly involved in linking actin filaments to membrane receptors at these sites, was also unaffected by EPEC adherence (data not shown).
We have shown here that several cytoskeletal components colocalize with adherent EPEC. Accumulation of talin and ezrin indicates that linkages may be formed between a transmembrane receptor that the bacterium adheres to and the cytoskeleton and that these molecules may be involved in establishing this bridge. EPEC has the capacity to enter epithelial cells (2) . However, the lack of tropomyosin accumulation with EPEC suggests that the cytoskeletal accumulation caused by EPEC may be involved in forming a relatively inert, stable cytoskeletal structure that the bacterium rests on, rather than promoting an actin-myosin-tropomyosin-mediated event involved in mechanical bacterial uptake (10). S. typhimurium invades HeLa cells quickly (within 30 min) and efficiently (4), whereas EPEC internalization occurs approximately 3 h after infection (2) . Thus, it appears that the cytoskeletal rearrangements triggered by S. typhimurium are designed to efficiently internalize the bacterium, with a subsequent return to the normal cytoskeletal distribution, whereas those caused by EPEC form a stable structure that remains for several hours at the center of localized bacterial adherence.
The differences in cytoskeletal rearrangements caused by EPEC and invading S. typhimurium may be mediated by the host cell receptors used by these bacteria or by other mechanisms such as triggering different signal transduction pathways. In conclusion, it appears that pathogenic bacteria have developed several strategies to rearrange and exploit the host cell cytoskeleton to their advantage.
